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I N T R O D U C T I O N
The e x t e n s i v e u s e o f a s b e s t o s in the e a r l y part o f t h i s c e n t u r y has c r ea t ed a

h e a l t h hazard n o t o n l y t o o c c u p a t i o n a i l y e x p o s e d i n d i v i d u a l s , b u t a l s o t o t h e
g e n e r a l p u b l i c . ' A s b e s t o s i s u b i q u i t o u s i n o u r e n v i r o n m e n t , a n d h a s been f o u n d i n
o u t d o o r a n d i n d o o r a i r a n d i n d r i n k i n g w a t e r s u p p l i e s . I n f a c t , a s b e s t o s b o d i e s
( A B ) have been d e t e c t e d i n t h e l u n g s o f most a d u l t urban r e s i d e n t s u p o n a u -
t o p s y . : J A s b e s t o s b o d i e s are g o l d e n - b r o w n , i r on-coa t ed a s b e s t o s f i b e r s which are
g e n e r a l l y c o n s i d e r e d a b i o l o g i c a l marker o f a s b e s t o s e x p o s u r e . I n animal m o d e l s ,
s t r u c t u r e s s i m i l a r t o a s b e s t o s b o d i e s have b e en f o u n d i n a s s o c i a t i o n w i t h e x p o -
sure t o f i b r o u s d u s t s o t h e r t h a n a s b e s t o s ; h e n c e t h e t e r m " f e r r u g i n o u s b od i e s " i s
u s ed when t h e na tur e o f t h e f i b r o u s core i s n o t k n o w n . H o w e v e r , s e v e r a l s t u d i e s
have shown t h a t , in humans, f e r r u g i n o u s b o d i e s are f o r m e d on a sb e s t o s c o r e s / - '
T h e r e f o r e , t h e term a s b e s t o s b o d i e s i s used in t h i s s t u d y f or g o l d e n - b r o w n , iron-
c o a t e d f i b e r s w h i c h show t h e t y p i c a l s e g m e n t e d a p p e a r a n c e around a c e n t r a l
t r a n s p a r e n t core c h a r a c t e r i s t i c o f a s b e s t o s . O t h e r g o l d e n - b r o w n c o a t e d f i b e r s
w i t h o u t t h e c h a r a c t e r i s t i c s h a p e s o r t r a n s p a r e n t core s h a v e been c o n s i d e r e d " f e r -
r u g i n o u s b o d i e s , " f o r m e d on n o n a s b e s t o s f i b e r ? .

O c c u p a t i o n a l e x p o s u r e t o a s b e s t o s i s r e l a t e d t o d e v e l o p m e n t o f l u n g cancer,
m e s o t h e l i o m a , a s b e s t o s i s , a n d p l e u r a l p l a q u e s . 0 " 1 I n some a s b e s t o s worker s t h e r e
i s a l s o a n i n c r e a s e d i n c i d e n c e o f t u m o r s o f g a s t r o i n t e s t i n a l t r a c t , l a r y n x , k i d n e y ,
ovary a n d p a n c r e a s . 8 ~ ' J W h e r e a s t h e e f f e c t s o f o c c u p a t i o n a l e x p o s u r e t o a s b e s t o s
ar e w i d e l y r e c o g n i z e d , th er e i s very l i t t l e i n f o r m a t i o n a v a i l a b l e on th e p r e v a l e n c e
and e f f e c t s o f env i ronmen ta l e x p o s u r e t o a s b e s t o s and o n l y r e c e n t l y have the
e f f e c t s o f e n v i r o n m e n t a l e x p o s u r e t o a s b e s t o s b egun t o b e r e c o g n i z e d . 7 ' 1 4 ' 1 5

O n e o f t h e l e a s t s u s p e c t e d g r o u p s t o b e e x p o s e d t o a s b e s t o s i s i n f a n t s a n d p r e -
s c h o o l c h i l d r e n . O u r s t u d i e s have f o u n d a s b e s t o s b o d i e s i n t h e l u n g d i g e s t s o f
a p p r o x i m a t e l y 20% of the a u c o p s i e d i n f a n t s and y o u n g c h i l d r e n at our i n s t i t u -
t i on . I o ' r S i n c e A B con t en t o f t h e l u n g s r e f l e c t s o n l y a smal l p r o p o r t i o n o f t h e t o t a l
a s b e s t o s b u r d e n , 1 8 some o f t h e i n f a n t l u n g d i g e s t s were e x a m i n e d f o r u n c o a t e d
a s b e s t o s f i b e r s . S c a n n i n g e l e c t r o n m i c r o s c o p y e x a m i n a t i o n o f l u n g d i g e s t s r e -
v e a l e d 8 6 t o 1 6 6 f i b e r s p e r gram o f w e t l u n g . T h e s e f i b e r s s howed e l e m e n t a l
c o m p o s i t i o n s c h a r a c t e r i s t i c o f c h r y s o t i i e a s b e s t o s . 1 5 F u r t h e r i n v e s t i g a t i o n o f t h e
i n f a n t l u n g s , u s i n g more s e n s i t i v e t r a n s m i s s i o n e l e c t r o n m i c r o s c o p y t e c h n i q u e s ,
i n d i c a t e d a s t r i k i n g l y g r e a t e r number o f f i b e r s i n i n f a n t l u n g s t h a n were f o u n d i n
t h e p r e v i o u s s t u d y . T h e f i b e r c o u n t s r a n g e d f r o m 214 ,000 t o 4,900,000 f i b e r s / g o f
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w e t l u n g ! ' u n p u b l i s h e d d a t a ; . A c o n c o m i t a n t h i s i o l o g i c s t u d y c f t h e l u n g s r e v e a l e d
a r r . i l d i n f l a m m a t i o n a n d t h i c k e n i n g c f s m a l l a : P A - a 1 , s w i t h a c c u m u l a t i o n o f m a c r o -
p h a g e s i n t h e s u r r o u n d i n g a l v e o l i i n a p p r o x i m a t e ! ; . 20i:~- c f t h e c n i l d r e n .

S e v e r a l q u e s t i o n s aro s e f r o m t h e s e s t u d i e s : v V V - , [ f a c t o r s p r e d i s p o s e s eme
r . f a n t s a n d c n i l c r e n t o have A B a n d a l a r g e n u m b e r o f a s b e s t o s f i b e r s i n t h e i r
' L i n g s ' ? A r e t h o s e c h i l d r e n w h o have . A 3 i n t n e i r l u n g s l i v i n g i n e n v i r o n m e n t s w i t h

h i g h e r l e v e l s o f a s b e s t o s f i b e r s o r d o t h e y n a v e u n d e r l y i n g a b n o r m a l l u n g f u n c -
t i o m ' s i a n d t h e r e f o r e canno t c l e a r t h e i r l u n g s o f t h e i n h a l e d f i b e r s ' 1 A r e b o t h
e n v i r o n m e n t a l a n d l u n g p h y s i o l o g i c a l f a c t o r s s i g n i f i c a n t i n c o n t r i b u t i n g t o t h e
a s o e s t o s l u n g b u r d e n i n t h e s e u h i l u i c i . ? T h e p u r p o s e o t t h i s s t u d y w a s t o ; r r - e s t ;
g a t e s ome o f t h e s e q u e s t i o n s b y e x a m i n i n g t h e s t r u c t u r a l c h a n g e s i n c h i l d r e n ' s
l u r . s s a n d c o r r e l a t i n g t h e s e c h a n e e s w i t h l u n a a s b e s t o s c o n t e n t .

M A T E R I A L A N D M E T H O D S
L u n g s p e c i m e n s were c o l l e c t e d f r o m c o n s e c u t i v e a u t o p s i e s o f 1 5 c h i l d r e n

a g e d 3 w e e k s t o 2 5 m o n t h s . A l l a u t o p s i e s were p e r f o r m e d a t t h e U n i v e r s i t y o f
T e x a s M e d i c a l B r a n c h a t G a l v e s t o n . F o r ea ch p a t i e n t . 1 t o 8 s l i d e s o f l u n g ,
s e c t i o n e d a t 4 m i c r o n s a n d p r o c e s s e d b y s t a n d a r d h i s t o l o g i c t e c h n i q u e s , were
a v a i l a b l e f o r t h e s t u d y . T h e p a t i e n t ' s ag e . s e x . p l a c e o f r e s i d e n c e a n d d i a g n o s i s
were o b t a i n e d f r o m t h e m e d i c a l c h a r t . I f t h e c l i n i c a l d i a g n o s i s w a s d i f f e r e n t f r o m
t h e a u t o p s y d i a g n o s i s , t h e f i n a l a u t o p s y d i a g n o s i s w a s u s ed f o r d a t a a n a l y s i s .

Methods for AB Co tin is
F i v e grams o f l u n g w;ere d i g e s t e d in a 5.4% s o d i u m h y p o c h l o r i t e s o l u t i o n for 24

h o u r s . The s e d i m e n t was wa sh ed in a 1 : 1 m i x t u r e o f c h l o r o f o r m and 50% e t h a n o l .
and t h e n c e n t r i f u g e d a t 7,000 t o 8.000 r p m . The s u p e r n a t a n t wa s d i s c a r d e d , and
the p r e c i p i t a t e r e s u s p e n d e d in 2 ml o f 100% e t h a n o l and f i l t e r e d on a 25-mm. 0.2-
m i c r o n p o l y c a r b o n a t e f i l t e r . T h e f i l t e r w a s p l a c e d o n a s l i d e , c l e a r e d w i t h c h l o r o -
f o r m , and p r e p a r e d f or l i g h t m i c r o s c o p i c e x a m i n a t i o n a t x200 to x-00 m a g n i f i c a -
t i o n . T h e t o t a l number o f A B were d e t e r m i n e d b y c o u n t i n g a l l A B o n t h e f i l t e r a n d
m u l t i p l y i n g b y t h e a p p r o p r i a t e f a c t o r t o o b t a i n A B / 5 g m o f l u n g . A l l i r o n - c o a t e d
f i b e r s c o n t a i n i n g t h i n t r a n s p a r e n t c or e s a n d s h o w i n g t h e c h a r a c t e r i s t i c s h a p e s o f
a s b e s t o s were c l a s s i f i e d a s a s b e s t o s b o d i e s .

Methods for Vncoated Fiber Counts
L u n g d i g e s t s f r o m s even i n f a n t s a n d c h i l d r e n w ; ere e x a m i n e d i n a J o e l 1 2 0 0 E Xa n a l y t i c a l e l e c t r o n m i c r o s c o p e w i t h a n a t t a c h e d T N 5 5 0 0 e n e r g y d i s p e r s i v e X - r a y

a n a l y z e r a t t h e U n i v e r s i t y o f T e x a s H e a l t h S c i e n c e C e n t e r a t T y l e r ( U T H S C T ) .
N u c l e p o r e p o l y c a r b o n a t e ( P C ) f i l t e r s iO.2 m i c r o n . 2 5 m m d i a m e t e r ) c o n t a i n i n g
f i l t e r e d l u n g d i g e s t s a n d t r e a t e d a s d e s c r i b e d i n t h e p r e v i o u s s e c t i o n r e c e i v e d a
f i n a l e t h a n o l wash and t h e n were c a r b o n - c o a t e d in a D c n t o n v a c u u m e v a p o r a t o r .
T h e p o l y c a r b o n a t e f i l t e r m a t r i x w a s d i s s o l v e d i n c h l o r o f o r m , t h u s p r o d u c i n g a
c l e a n carbon e x t r a c t i o n r e p l i c a c o n t a i n i n g t h e e n t r a p p e d p a r t i c u l a t e s a n d f i b e r s . 2 0

M e a s u r e m e n t s a n d c o u n t s were c o n d u c t e d a t 1 6 0 0 - - ' , a n d 1 6 , 0 0 0 ' ' t o 20.000 <
m a g n i f i c a t i o n s .
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~e of cancer: mesothe-
! g a s t r o i n t e s t i n a l tract3 about 22%. Our fig-
DS e x p o s u r e , we urgecen so that a d d i t i o n a lsntact is as dangerous
k of a sb e s t o s - induced

I N T R O D U C T I O N
The extensive use of asbes tos in the early pan of th i s century has created aheal th hazard not only to o c c u p a t i o n a l l y e xpo s ed i n d i v i d u a l s , but also to thegeneral p u b l i c . 1 A s b e s t o s is ubiqui tous in our environment, and has been f ound ino u t d o o r and indoor a ir and in d r i n k i n g water s u p p l i e s . In f a c t , a s b e s t o s b o d i e s(AB) have been d e t e c t e d in the l u n g s of most a d u l t urban r e s i d e n t s upon au-t o p s y . 2 - 3 A s b e s t o s b od i e s are g o l d e n - b r o w n , iron-coated a s b e s t o s f i b e r s which areg e n e r a l l y considered a b i o l og i ca l marker o f a sb e s t o s e x p o s u r e . In animal m o d e l s ,s tructures s imilar to asbestos bodie s have been f o u n d in association with expo-sure to f i b r o u s du s t s other than a s b e s t o s ; hence the term " f errug inou s bodies" isused when the nature of the f i b r o u s core is not known. H o w e v e r , several s t u d i e shave shown t h a t , in humans, f e r r u g i n o u s b o d i e s are f o r m e d on a sbe s t o s c o r e s . 4 ' 5

T h e r e f o r e , the term a sb e s t o s b o d i e s i s used in t h i s s t u d y for g o l d e n - b r o w n , iron-coated f i b e r s which show the t y p i c a l s e g m e n t e d a p p e a r a n c e around a centraltransparent core characteristic of asbes tos . Other go lden-brown coated f i b e r swithout the characteristic shapes or transparent cores have been considered "fer-ruginous bodies," f o r m e d on nonasbes tos f i b e r s .O c c u p a t i o n a l e xpo sure to a s b e s t o s i s r e l a t e d to d e v e l o p m e n t o f l u n g cancer,m e s o t h e l i o m a , a s b e s t o s i s , and p l e u r a l p l a q u e s . 6 - 7 In some a s b e s t o s workers thereis a l so an increased inc idence of tumors of g a s t r o i n t e s t i n a l t ra c t , l a r y n x , k i d n e y ,ovary and pancreas.*"1 3 Wherea s the e f f e c t s of o c cupa t i ona l e x p o s u r e to asbe s to sare w id e ly recognized, there is very l i t t l e i n f o r m a t i o n ava i lab l e on the prevalenceand e f f e c t s of environmental exposure to asbes tos and only rec ent ly have thee f f e c t s of environmental exposure to a sbe s to s begun to be r e c o g n i z e d . 7 - 1 4 ' 1 5

" One of the l ea s t s u s p e c t e d group s to be e x p o s e d to a sb e s t o s is i n f a n t s and pre-school c h i l d r e n . Our s t u d i e s have f o u n d a s b e s t o s b od i e s in the l u n g d i g e s t s o fa p p r o x i m a t e l y 20% of the a u t o p s i e d i n f a n t s and y o u n g c h i l d r e n at our i n s t i t u -tion. 1 6- 1 7 S i n c e AB content of the lung s r e f l e c t s only a small p r o p o r t i o n of the to talasbestos burden, 1 8 some of the i n f a n t lung d i g e s t s were examined for uncoatedasbestos f i b e r s . Scanning e lec tron microscopy examination of lung d i g e s t s re-vea l ed 86 to 166 f i b e r s per gram of wet l ung . T h e s e f i b e r s showed e l e m e n t a lc o m p o s i t i o n s charac t e r i s t i c o f c h r y s o t i l e a s b e s t o s . 1 9 F u r t h e r i n v e s t i g a t i o n o f t h ei n f a n t l u n g s , u s ing more s e n s i t i v e t r a n s m i s s i o n e l e c t r o n m i c r o s c o p y t e c h n i q u e s ,ind i ca t ed a s t r i k i n g l y greater number of f i b e r s in i n f a n t l u n g s than were f o u n d inthe previous s tudy. The f i b e r counts ranged f r o m 214,000 to 4,900,000 f i b e r s / g of
419
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w e t l u n g ( u n p u b l i s h e d d a t a ) . A c o n c o m i t a n t h i s t o l o g i c s t u d y o f t h e l u n g s r e v e a l e d
a m i l d i n f l a m m a t i o n a n d t h i c k e n i n g o f s m a l l a i r w a y s w i t h a c c u m u l a t i o n o f macro-
p h a g e s in th e s u r r o u n d i n g a l v e o l i in a p p r o x i m a t e l y 20% o f t h e c h i l d r e n .

S e v e r a l q u e s t i o n s arose f r o m t h e s e s t u d i e s : W h a t f a c t o r s p r e d i s p o s e some
i n f a n t s and c h i l d r e n to have AB and a l a r g e number of a s b e s t o s f i b e r s in t h e i r
l u n g s ? A r e t h o s e c h i l d r e n w h o have A B i n t h e i r l u n g s l i v i n g i n e n v i r o n m e n t s w i t hh i g h e r l e v e l s o f a s b e s t o s f i b e r s o r d o t h e y have u n d e r l y i n g a b n o r m a l l u n g f u n c -t i o n ( s ) a n d t h e r e f o r e cannot clear t h e i r l u n g s o f t h e i n h a l e d f i b e r s ? A r e b o t h
e n v i r o n m e n t a l a n d l u n g p h y s i o l o g i c a l f a c t o r s s i g n i f i c a n t i n c o n t r i b u t i n g t o t h e
a s b e s t o s l u n g burd en i n t h e s e c h i l d i e n ? T h e p u r p o s e o f t h i s s t u d y w a s t o i n v e s t i -gate some of these ques t ions by examining the s t ruc tural changes in chi ldren' sl u n g s a n d c o r r e l a t i n g th e s e change s w i t h l u n g a s b e s t o s c o n t e n t .

M A T E R I A L A N D M E T H O D S
L u n g s p e c i m e n s were c o l l e c t e d f r o m c o n s e c u t i v e a u t o p s i e s o f 75 c h i l d r e naged 3 weeks to 25 month s . All a u t o p s i e s were p e r f o r m e d at the U n i v e r s i t y ofT e x a s M e d i c a l Branch a t G a l v e s t o n . For each p a t i e n t , 1 t o 8 s l i d e s o f l u n g ,s e c t i o n e d at 4 microns and p r o c e s s e d by s t a n d a r d h i s t o l o g i c t e c h n i q u e s , werea v a i l a b l e f o r t h e s t u d y . T h e p a t i e n t ' s a g e , s e x , p l a c e o f r e s i d e n c e a n d d i a g n o s i s

were o b t a i n e d f r o m t h e med i ca l chart. I f t h e c l i n i c a l d i a g n o s i s w a s d i f f e r e n t f r o mt h e a u t o p s y d i a g n o s i s , t h e f i n a l a u t o p s y d i a g n o s i s w a s used f o r d a t a a n a l y s i s .

Methods for AB Counts
F i v e grams of l u n g were d i g e s t e d in a 5.4% s o d i u m h y p o c h l o r i t e s o l u t i o n for 24hours. The s e d i m e n t was washed in a 1: 1 m i x t u r e of c h l o r o f o r m and 50% e t h a n o l ,and t h e n c e n t r i f u g e d at 7,000 to 8,000 rpm. The s u p e r n a t a n t was d i s c a r d e d , andthe p r e c i p i t a t e r e s u s p e n d e d in 2 ml of 100% e t h a n o l and f i l t e r e d on a 25-mm, 0.2-micron p o l y c a r b o n a t e f i l t e r . The f i l t e r wa s p l a c e d on a s l i d e , c l ear ed w i t h c h l o r o -f o r m , and p r e p a r e d for l i g h t m i c r o s c o p i c e x a m i n a t i o n at x200 to x400 m a g n i f i c a -tion. The total number of AB were d e t e r m i n e d by c o u n t i n g all AB on the f i l t e r andm u l t i p l y i n g b y t h e a p p r o p r i a t e f a c t o r t o o b t a i n A B / 5 g m o f l u n g . A l l i ron-coat edf i b e r s c o n t a i n i n g thin t ran spar en t cores and s h o w i n g th e c h a r a c t e r i s t i c s h a p e s o fa s b e s t o s were c l a s s i f i e d as a s b e s t o s b o d i e s .

Methods for Uncoated Fiber Counts
L u n g d i g e s t s f r o m seven i n f a n t s and c h i l d r e n were examined in a J o e l 1200EXa n a l y t i c a l e l e c t r o n mi cro s c ope wi th a n a t t a c h e d T N 5 5 0 0 energy d i s p e r s i v e X-rayanalyzer a t t h e U n i v e r s i t y o f T e x a s H e a l t h S c i e n c e C e n t e r a t T y l e r ( U T H S C T ) .N u c l e p o r e p o l y c a r b o n a t e (PC) f i l t e r s (0.2 micron, 25 mm d i a m e t e r ) c o n t a i n i n gf i l t e r e d lung d i g e s t s and treated as described in the previous section received a

f i n a l e thanol wash and then were carbon-coated in a Denton vacuum evaporator .T h e p o l y c a r b o n a t e f i l t e r matrix w a s d i s s o l v e d i n c h l o r o f o r m , t h u s p r o d u c i n g ac l ean carbon e x t r a c t i o n r e p l i c a c o n t a i n i n g t h e e n t r a p p e d p a r t i c u l a t e s a n d f i b e r s . 2 0

M e a s u r e m e n t s and count s were c o n d u c t e d at 1600x, and 16,000x to 20,000x
m a g n i f i c a t i o n s .
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t h e l u n e s r e v e a l e d T A B L E i . D e m o g r a p h i c Data o f S e v e n t y - F i v e C h i l d r e n S t u d i e d a t A u t o p s y f o rA s b e s t o s B o d i e s i n t h e L u n g
c h i l d r e n .
p r e d i s p o s e some

; t o s f i b e r s i n t h e i r
: n v i r o n m e n t s w i t h
normal l u n g f u n c -

f i b e r s ' 7 A r e b o t h
o n t r i b u t i n g t o t h e
idy wa s t o i n v e s t i -.nges i n c h i l d r e n ' st.

ie s of 75 c h i l d r e n
t h e U n i v e r s i t y o f
8 s l i d e s o f l u n g ,
t e c h n i q u e s , were

:nce and d i a g n o s i sw a s d i f f e r e n t f r o m
r d a t a a n a l y s i s .

G r o u p
G r o u p

A
B

A g e
(3 wk(6 mo

.-6 mo.)

.-25 mo.)
M a l e s

31
10

F e m a l e s
21
13

W h i t e
2611

B l a c k
147

L a t i n
1 15

Other s
1
0

T o t a l
52
23

Methods for Histological Examination
L u n g s e c t i o n s f r o m each p a t i e n t were s y s t e m a t i c a l l y e x a m i n e d and 5 to 10b r o n c h i o l e s were a s s e s s ed for the p r e s en c e o f airway i n f l a m m a t i o n . R e s u l t s werere corded as 0 to + + + + i n f l a m m a t i o n , d e p e n d i n g on the number of chronic in-f l a m m a t o r y c e l l s ( l y m p h o c y t e s and m a c r o p h a g e s ) p r e s e n t in t h e w a l l s o f t h e smallairways. T h e f o l l o w i n g g u i d e l i n e s were used f o r d e t e r m i n i n g t h e d e g r e e o f i n f l a m -mation in airways: 0 = no c e l l s ; + = few s c a t t e r e d c e l l s ; ++ = c e l l s p r e s e n t in !/2to 3A c i r c u m f e r e n c e ; + + + = c e l l s p r e s e n t in the en t i r e c i r c u m f e r e n c e ; + + + + =dense c e l l u l a r i n f i l t r a t e i n v o l v i n g t h e en t i r e c i r c u m f e r e n c e . T h e f i n a l score f o rb r o n c h i o l a r i n f l a m m a t i o n r e p r e s e n t e d the mean score of the t o t a l number of bron-c h i o l e s examined i n each p a t i e n t . I f t h e l u n g s showed b r o n c h o p n e u m o n i a , o n l yt ho s e smal l airways wi thout acute i n f l a m m a t i o n were i n c l u d e d in th e s t u d y . S e c -

t i on s of t rachea were ava i lab l e for 53 of the 75 c h i l d r e n ; trachea! i n f l a m m a t i o n wasas s e s s ed a c c o r d i n g to the same cr i t e r ia as b r o n c h i o l a r i n f l a m m a t i o n .

rite s o l u t i o n for 24i a n d 5 0 % e t h a n o l ,' a s d i s c a r d e d , a n di on a 25-mm, 0.2-
eared w i t h ch loro-
o x 400 m a g n i f i c a -
& on the f i l t e r andi g . A l l i ron-coa t edc t e r i s t i c s h a p e s o f

1 in a J o e l 1200EXy d i s p e r s i v e X-rayT y l e r ( U T H S C T ) .
i m e t e r ) c o n t a i n i n g
s e c t i o n received a
icuum e v a p o r a t o r ,

thu s p r o d u c i n g au l a t e s a n d f i b e r s . 2 0

,000x to 20,000x

Statistics
Data ob ta ined f r o m the lung s e c t i o n s and f r o m the AB counts were ana lyzedb y M a n n - W h i t n e y U T e s t f o r ranked d a t a u s ing A B S T A T ( A n d e r s o n B e l l ,

Parker, CO), a s t a t i s t i c a l package for personal computers . D i f f e r e n c e s betweengroups of p < 0.05 were c on s id er ed s i g n i f i c a n t .

R E S U L T S
The d e m o g r a p h i c da ta on the 75 c h i l d r e n in the s t u d y are shown in TABLE 1.The s u b j e c t s were d i v i d e d in to two age g r o u p s of 0 ( n e w b o r n ) to 6 months ( g r o u pA) and 7 to 25 month s (group B) in order to examine the r e l a t i o n s h i p be tween age,the number of AB, and the in c id enc e of airway i n f l a m m a t i o n . G r o u p A i n c l u d e d52 i n f a n t s (31 boys and 21 g i r l s ) . The younge s t i n f a n t was 24 d a y s o l d . Racial and

e thnic d i s t r i b u t i o n s in t h i s group were 26 wh i t e , 14 b l a c k , 11 L a t i n Ameri can, andone Asian. G r o u p B i n c l u d e d 23 c h i l d r e n (10 boys and 13 g i r l s ) , racial and e thn i cd i s t r i b u t i o n s for that group were 11 w h i t e , 7 b l a c k , and 5 Lat in American.A s b e s t o s b od i e s were f o u n d in the l u n g e x t r a c t s of 11 of the group A i n f a n t s(20%) and in 5 of the o l d e r group B c h i l d r e n (22%). The d i s t r i b u t i o n of ABaccording to age is p r e s e n t e d in FIGURES 1 and 2. AB were f o u n d in 20% of the 1-m o n t h - o l d , 23% of the 2 - m o n t h - o l d , 28.5% of the 3 - m o n t h - o l d , 11% of the 4-m o n t h - o l d , and 37.5% of the 5-month-o ld i n f a n t s . T h i r t y - t h r e e p e r c e n t of the 7- to9 - m o n t h - o l d , 25% of the 9- to 12-month o l d , and 9% of the 12- to 2 4 - m o n t h - o I d
c h i l d r e n had AB.
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12-

1 2 3 4 5 6
Age in months

FIGURE 1. The d i s t r i b u t i o n of a sbe s to s bodie s (AB) is p r e s e n t e d in the younger c h i l d r e n (3
weeks t o 6 m o n t h s o l d , d e s i g n a t e d g r o u p A) a c c o r d i n g t o age in m o n t h s . A s b e s t o s b o d i e swere f o u n d in the 1-5-month-o ld i n f a n t s ; no AB were f o u n d in the 6 - m o n t h - o l d i n f a n t s .

The r e s u l t s o f uncoated f i b e r a n a l y s i s ar e p r e s e n t e d in TABLE 2. E l e m e n t a lc o m p o s i t i o n i n d i c a t e d tha t t h e f i b e r s were m a i n l y o f t h e c h r y s o t i l e t y p e . A s b e s t o slung burdens were de t ermined in two i n f a n t s f r o m group A and one c h i l d f r o mg r o u p B. Two s t i l l b o r n i n f a n t s were i n c l u d e d as u n e x p o s e d c o n t r o l s , and twoschool age c h i l d r e n were i n c l u d e d to examine the e f f e c t o f age on u n c o a t e d f i b e rc o n t e n t . No AB or f i b e r s were d e t e c t e d in the l u n g s o f the 2 8 - w e e k - g e s t a t i o n a I -a g e s t i l l b o r n i n f a n t . T h e 40-week s t i l l b o r n h a d 96,000 f i b e r s / g w e t w e i g h t . T h e1.75-month-old in fan t and the 40-week s t i l l b o r n i n f a n t had s l i g h t l y l o n g e r f i b e r sthan d i d t h e o l d e r c h i l d r e n , s u g g e s t i n g t h e p o s s i b i l i t y o f f i b e r s u n d e r g o i n g f r a g -menta t i on with time. The 11-year-old child had three t imes as many f i b e r s of samesizes a s t h e 5-year-old d i d , i n d i c a t i n g a p o s s i b l e c u m u l a t i v e e f f e c t . T h e l a r g e s t

nvii
ii
e
o

H i
7 9 12 15

Age in months
FIGURE 2. The d i s t r i b u t i o n of a s b e s t o s bod i e s (AB) is p r e s e n t e d in the o l d e r i n f a n t s (7 to25 months o l d , d e s i g n a t e d group B) ac cord ing to age in m o i i t r i s . F o u r of the 12 i n f a n t s aged7-12 months had AB; o n l y one of the 11 in the 12- to 2 4 r m o n t h - o l d g r o u p of c h i l d r e n had AB.
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l u n g e r c h i l d r e n ( 3
A s b e s t o s b o d i e s

i t h - o l d i n f a n t s .

T A B L E 2 . R e s u l t s o f F i b e r A n a l y s i s i n A u t o p s y C a s e s a t T e x a s M e d i c a lC e n t e r , G a l v e s t o n

P a t i e n t
N o .

1.
2.
3.4.
5.6.
7.

A g e
0 mo
0 mo
1.75 mo
5 mo21 mo5 y r
11 yr

A s b e s t o sB o d i e s( p e r 5 gm
wet wt)

0
0
0
2
00cJ

F i b e r s
( p e r gwet wt)

N D
96.000

215,000
4,900,0001 ,200,000

124,000487,000

L e n g t h
( m i c r o n s )

—
3.27
3.00
0-291.481.231 . 1 2

W i d t h
( m i c r o n s )

—
0.06
0.050.05
0.130.12
0.10

C a u s e o f D e a t h
S t i l l b o r n(28 w e e k s )
S t i l l b o r n
(40 we ek s)S I D S
S I D SM C AT r a u m a
T r a u m a

A B B R E V I A T I O N S : M C A , m u l t i p l e c o n g e n i t a l a n o m a l i e s ; S I D S , s u d d e n i n f a n t d e a t h syn-drome; N D , none d e t e c t e d .

E 2. E l e m e n t a l
t y p e . A s b e s t o s
o n e c h i l d f r o m

i t r o l s , and two
uncoa t ed f i b e r

: e k - g e s t a t i o n a l -
e t w e i g h t . T h el y l o n g e r f i b e r sn d e r g o i n g f r a g -/ f i b e r s of samec t . T h e l a r g e s t

25

Ider i n f a n t s (7 to
; 12 i n f a n t s aged
; h i l d r e n h a d A B .

number o f f i b e r s was f o u n d in the 5 - m o n t h - o l d i n f a n t ; however , t h e s e f i b e r s werevery small and s u g g e s t tha t f r a g m e n t a t i o n o f the f i b e r s may have o c curred , r e s u l t -
ing in a h i g h count.FIGURES 3 and 4 ar e r e p r e s e n t a t i v e e x a m p l e s o f b r o n c h i o l a r ( s m a l l a i r w a y )i n f l a m m a t i o n showing + + + to + degrees of i n f l a m m a t i o n . FIGURE 5 shows ane x a m p l e of + + + tracheal i n f l a m m a t i o n . In a d d i t i o n to airway i n f l a m m a t i o n , someof the l u n g s showed c o l l e c t i o n s o f m a c r o p h a g e s in the a l v e o l a r u n i t s s u r r o u n d i n g

F I G U R E 3. A thickened bronchiole with marked i n f l a m m a t i o n (+ + +) f r om a l - m o n t h - o l d
i n f a n t wi th AB (1 p er 5 g / l u n g ) who d i ed o f s u d d e n i n f a n t d e a t h s y n d r o m e ( h e m a t o x y l i n -
eosin s t a i n ; x200).



v-irxv vow i p d r u r v T v or

the r e sp i ra t ory b r o n c h i o l e s , r e s e m b l i n g the r e s p i r a t o r y b r o n c h i o l i t i s seen in ciga-r e t t e s m o k e r s . 2 1 F I G U R E S 6 a n d 7 a r e r e p r e s e n t a t i v e e x a m p l e s o f t h e r e s p i r a t o r y
b r o n c h i o l i t i s ob s erved i n t h e s e c h i l d r e n .F I G U R E 8 g r a p h i c a l l y r e p r e s e n t s t h e i n c i d e n c e o f i n f l a m m a t i o n a s r e l a t e d t oage and AB c o n t e n t o f t h e l u n g s in t h e 3-week t o 6 - m o n t h - o l d i n f a n t s ( G r o u p A).F i f t y - t h r e e p er c en t o f t h e s e i n f a n t s h a d m i l d t o m o d e r a t e b r o n c h i o l a r i n f l a m m a -tion (- to + + +), and 83% had mi ld to severe t ra chea l i n f l a m m a t i o n (-)- to+ -f + -r). FIGURE 9 g r a p h i c a l l y r e p r e s e n t s the i n c i d e n c e of i n f l a m m a t i o n in the 7-t o 25-month-o ld c h i l d r e n ( g r o u p B ) . M i l d t o modera t e b r o n c h i o l a r i n f l a m m a t i o n
(+ to -J-T-T) was p r e s e n t in 72% and m i l d to s e v e i c t / a c h e a l i n f l a m m a t i o n (^ to

FIGURE 4 . A bronchiole with mi ld i n f l a m m a t i o n (+) f r o m a 10-month-o ld i n f a n t wi thout
AB in the l u n g s who d i ed of s i c k l e c e l l anemia ( h e m a t o x y l i n - e o s i n s t a i n ; x200).

rnh
+ + + +) was present in 99% of the o l d e r ch i ldren. Resp ira tory bronch i o l i t i s waspre s en t in 20% of both group s of c h i l d r e n .

C h i l d r e n with AB in the ir l u n g s , i r r e s p e c t i v e of age, had a s i g n i f i c a n t l y greaterdegre e (p < 0.0085) of tracheal i n f l a m m a t i o n than did c h i l d r e n w i t h o u t AB. Nos i g n i f i c a n t d i f f e r e n c e was f o u n d b e t w e e n c h i l d r e n wi th and w i t h o u t AB when the
degre e of bronchio lar i n f l a m m a t i o n was c ompared . W h e n the d a t a were examinedw i t h i n age g r o u p s , the c h i l d r e n wi th AB in group B had a grea t er d e g r e e ofbronch io lar i n f l a m m a t i o n than d i d c h i l d r e n w i t h o u t A B , a l t h o u g h t h e d i f f e r e n c ewas s t a t i s t i c a l l y no t s i g n i f i c a n t . The c h i l d r e n w i thou t AB in G r o u p A e x h i b i t e d
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i t i s seen in ciga-

f the r e s p i r a t o r y
on as r e l a t e d tor a n t s ( G r o u p A).
hiolar i n f l a m m a -i m m a t i o n (-r toi m a t i o n in the 7-
.ar i n f l a m m a t i o na n i m a t i o n (-)- t o

j r .f . - • • - . - '
) l d i n f a n t w i t h o u t
; X 2 0 0 ) .

r o n c h i o l i t i s was
i f i c a n t l y grea t er
w i t h o u t A B . N o
jt AB when the
were e xamined;ater degree of

i t h e d i f f e r e n c e
>up A e x h i b i t e d

&-~~f ' , s f c -A--y i b , s c !35- ji- :«»:f.«f'

F I G U R E 5 . P h o t o m i c r o g r a p h o f trachea shows t h e mucosal i n f l a m m a t o r y i n f i l t r a t e , a l o n gw i t h c o n g e s t i o n . The c e l l s a r e a mix ture o f l y m p h o c y t e s , m a c r o p h a g e s , and p l a s m a c e l l s(hematoxyl in-eo s in s tain; x l O O ) .

FIGURE 6. Chronic i n f l a m m a t o r y c e l l s in smal l -a i rway and s u r r o u n d i n g a l v e o l i r e p r e s e n tr e s p i r a t o r y b r o n c h i o l i t i s ( h e m a t o x y l i n - e o s i n s t a i n ; x l d o ) .
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FIGURE 7 . H i g h e r m a g n i f i c a t i o n m i c r o g r a p h in a c h i l d w i t h r e s p i r a t o r y b r o n c h i o l i t i s showst h e i n f l a m m a t o r y c e l l s , m o s t l y m a c r o p h a g e s ( h e m a t o x y l i n - e o s i n s t a i n ; x200).
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Bronchiolar i n f l a m m a t i o n
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FIGURE 8 . G r a p h i c r e p r e s e n t a t i o n of the i n c i d e n c e and degree o f b ronch ia l and t ra ch ea li n f l a m m a t i o n in the 3-week- to 6 - m o n t h - o l d c h i l d r e n w i t h and w i t h o u t AB.
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• o n c h i o l i t i s shows
200).

s i g n i f i c a n t l y grea t er d e g r e e s o f b r o n c h i o l a r i n f l a m m a t i o n ( p < 0.035) than d i dc h i l d r e n w i th A B .

D I S C U S S I O N
Chronic a s b e s t o s e x p o s u r e in humans, as w e l l as in e x p e r i m e n t a l a n i m a l s ,

r e su l t s in small-airway f i b r o s i s with macrophage c o l l e c t i o n s in the surroundinga l v e o l a r ducts."- 2 3 T h i s airway f i b r o s i s i s h i s t o l o g i c a l l y s i m i l a r t o t h e e a r l y abnor-
m a l i t i e s seen in c i g a r e t t e smokers, r e f e rr ed to a s r e s p i r a t o r y b r o n c h i o l i t i s . 2 1 - 2 4 Thebronchio lar ( s m a l l - a i r w a y ) i n f l a m m a t i o n f o u n d in the l u n g s o f c h i l d r e n in th i s

Withou t AB With AST r d c h c a l i n f l a m m a t i o n
Bronch io lar i n f l a m m a t i o n

Co
-4-JOEEa

en<uO
8

7m - 9m 12m 15m 20m
A g e i n m o n t h s

25m

FIGURE 9. G r a p h i c r e p r e s e n t a t i o n of the i n c i d e n c e and d e g r e e o f bronchial and t r a c h e a ]
i n f l a m m a t i o n in the 7- to 2 5 - m o n t h - o l d c h i l d r e n w i t h and w i t h o u t AB.

6m

:hial and trachealt .

s t u d y a p p e a r s s imi lar to the r e s p i r a t o r y b r o n c h i o l i t i s d e s c r i b e d in c i g a r e t t e smok-
ers and in chronic a sb e s t o s e xpo sure . F u r t h e r m o r e , the degree of b r o n c h i o l a ri n f l a m m a t i o n was greater in the l u n g s of c h i l d r e n o l d e r than 6 month s w i th ABcompared t o tho s e wi thout AB. T h e s e f i n d i n g s s u g g e s t a p o s s i b l e a s s o c i a t i o nbetween airway i n f l a m m a t i o n and a s b e s t o s in l u n g s .The reversed s i g n i f i c a n t a s so c ia t ion b e t w e e n b r o n c h i o l a r i n f l a m m a t i o n and
AB in c h i l d r e n younger than 6 months is d i f f i c u l t to e x p l a i n . One p o s s i b i l i t y is thatasbe s to s bodies in young ch i ldren are f o r m e d at f i b e r l e v e l s lower than tho s e
required to p r o d u c e airway i n f l a m m a t i o n . T h e r e f o r e , AB may be p r e s e n t in thelung d i g e s t w i thou t a n a s soc ia ted b r o n c h i o l a r i n f l a m m a t i o n . T h e o ther p o s s i b i l i t yis that these ch i ldren were exposed to a tmo spher i c p o l l u t a n t s and p a r t i c l e s other
than a s b e s t o s , r e s u l t i n g i n bronchio lar i n f l a m m a t i o n w i t h o u t a s s o c i a t e d f o r m a t i o n
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of AB in l u n g s . T r a c h e a l i n f l a m m a t i o n was p r e s e n t to an equal degree in bo thg r o u p s o f c h i l d r e n w i t h a n d w i t h o u t A B , a n d m a y t h u s b e r e l a t e d t o i n h a l a t i o n o f
environmental p o l l u t a n t s in general . Recent s t u d i e s in rats have shown increased
amount s o f b r o n c h i o l a r i n f l a m m a t i o n a f t e r e x p o s u r e t o man-made a s w e l l a s o t h e r
t y p e s o f n a t u r a l l y occurring f i b e r s . -A n i n t e r e s t i n g f i n d i n g i n t h i s s t u d y w a s t h e p r e s e n c e o f u n c o a t e d f i b e r s i n t h e
40-week g e s t a t i o n a l - a g e s t i l l b o r n i n f a n t s ince t h i s i n f a n t had never br ea th ed atmo-
s p h e r i c air. The ab s ence o f f i b e r s in th e l u n g s o f th e 28-week s t i l l b o r n i n f a n t a scompared t o t h e number o f f i b e r s p r e s e n t i n t h e 40-week s t i l l b o r n i n f a n t s u g g e s t sthat there nisw b e t r a n s ^ i s c e n t a l t ran t er o^a^^^sto1- f i^^r s in thp i^ct r n m A ^ t p r n f
p r e g n a n c y (28-40 w e e k s ) . T h e human p l a c e n t a d e v e l o p s a g r e a t e r c o m m u n i c a t i o nbetween f e t a l and maternal c i r c u l a t i o n s t a r t i n g at 28 weeks of p r e g n a n c y , thu sa l l o w i n g c i r c u l a t i n g p a r t i c l e s a n d i n f e c t i o u s a g e n t s , f o r e x a m p l e , t o e n t e r t h e f e t a lcirculation. Animal s t u d i e s suppor t th i s h y p o t h e s i s s ince a sbe s to s f i b e r s havebeen d e m o n s t r a t e d i n t h e p l a c e n t a o f rats e x p o s e d t o c h r y s o t i l e a s b e s t o s . 2 6 A d d i -t i o n a l l y , in an exper iment on baboons, there was clear e v i d e n c e of hematogenousmigrat ion o f c h r y s o t i l e a s b e s t o s a f t e r gavage f e e d i n g . 2 7

In summary, our s t u d i e s have shown that very young c h i l d r e n are b e ing ex-po s ed t o a s b e s t o s a n d p o s s i b l y o t h e r a t m o s p h e r i c p o l l u t a n t s . T h e i s sue o f whereand how the c h i l d r e n may be e x p o s e d to a s b e s t o s n e e d s to be a d d r e s s e d . A s b e s t o sburden s in the l u n g s o f a large cohort o f c h i l d r e n s h o u l d be d e t e r m i n e d . Air ands t ruc tural s a m p l e s f r o m th e ch i ldr en ' s home or d a y c a r e c e n t e r s s h o u l d b e mea-sured f o r ambient l e v e l s o f a s b e s t o s . A l s o , o t h e r p o s s i b l e sources o f e x p o s u r es h o u l d b e d e t e r m i n e d through a n e p i d e m i o l o g i c survey o f t h e p a r e n t ' s o c cupa-t i on s , work environments , and smoking habi t s . And f i n a l l y , corre la t ional ana ly s e ss h o u l d b e c o m p l e t e d t o d e t e r m i n e the d e g r e e o f a s s o c i a t i o n b e tween l u n g a s b e s t o sburdens , environmental asbe s to s l e v e l s , and e p i d e m i o l o g i c a l da ta in order tod e t e r m i n e the e x t e n t and sources o f a s b e s t o s e x p o s u r e in c h i l d r e n .
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